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In the present work we isolated and identiﬁed various indigenous Saccharomyces cerevisiae
strains and screened them for the selected oenological properties. These S. cerevisiae strains
were isolated from berries and spontaneously fermented musts. The grape berries (Sauvi-
gnon blanc and Pinot noir) were grown under the integrated and organic mode of farming
in  the South Moravia (Czech Republic) wine region. Modern genotyping techniques such as
PCR-ﬁngerprinting and interdelta PCR typing were employed to differentiate among indige-
nous  S. cerevisiae strains. This combination of the methods provides a rapid and relatively
simple approach for identiﬁcation of yeast of S. cerevisiae at strain level. In total, 120 isolates
were identiﬁed and grouped by molecular approaches and 45 of the representative strains
were tested for selected important oenological properties including ethanol, sulfur dioxide
and osmotic stress tolerance, intensity of ﬂocculation and desirable enzymatic activities.
Their ability to produce and utilize acetic/malic acid was examined as well; in addition,
H2S production as an undesirable property was screened. The oenological characteristics
of  indigenous isolates were compared to a commercially available S. cerevisiae BS6 strain,
which is commonly used as the starter culture. Finally, some indigenous strains coming
from organically treated grape berries were chosen for their promising oenological proper-
ties  and these strains will be used as the starter culture, because application of a selected
indigenous S. cerevisiae strain can enhance the regional character of the wines.©  2015 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an open access article under the CC BY-NC-ND license
by sensory characteristics that arise from the direct action ofntroductionhe quality of fermented foods and beverages is partially
etermined by the microorganisms used for their production.
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For instance, the secondary character of wine is determinedmicroorganisms on the substrate. The fermentation of grape
must into wine is an ecologically complex process, in which
bacteria and other microorganisms, especially yeasts, play a
lsevier Editora Ltda. This is an open access article under the CC
.
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(ITS1 and ITS2) and 5.8S rDNA gene regions were ampliﬁed by
using speciﬁc primers ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′)182  b r a z i l i a n j o u r n a l o f m
crucial role. The strains of Saccharomyces cerevisiae involved
in fermentation play an important part in the characteristics
of the ﬁnal product and the diversity of S. cerevisiae strains
present in spontaneous fermentation contribute to the chem-
ical composition and sensory qualities of the resulting wine.1
Therefore, one of the most important technological
advances in wine-making was the inoculation of grape juice
with selected cultures of S. cerevisiae.2 This approach is based
on the evidence that microbiological control of the fermen-
tation process allows better management of this alcoholic
fermentation. It is known that selected strains of S. cerevisiae
suppress indigenous non-Saccharomyces species and dominate
the fermentation process.3–5
Nowadays, novel biotechnological approaches in wine-
making are used in several aspects of the fermentation
industry. Apart from the monitoring of the microbial popu-
lations and the control of the spoilage yeasts, attention is
focused also on the selection and utilization of the starter cul-
tures coming from one’s own vineyard, which can enhance
the regional character of the wine.6,7 The metabolic peculiari-
ties and the physiological properties of S. cerevisiae yeast may
lead to the formation of metabolites and the transformation
of grape substances that may enrich the wine ﬂavor.7 Certain
criteria need to be met  in order to guarantee the desirable fea-
tures of the yeast strains selected. The most important ones
are: tolerance to ethanol; growth at high sugar concentrations;
resistance to sulfur dioxide; low production of hydrogen sul-
ﬁde; production of killer toxins or some enzymatic activities.8
Furthermore, only reliable and rapid identiﬁcation of the
yeast species during the process and the quality control
enables enologists to assess the role of yeasts as a main
protagonist of alcoholic fermentation or as a contaminant.
The utilization of molecular methods enabled rapid and
precise identiﬁcation of the yeasts at the species or strain
level.1 Mercado et al.9 reported that Saccharomyces popula-
tions are represented by multiple strains, even in inoculated
fermentations. Therefore, it is important to have simple and
appropriate methods that allow discrimination at the strain
level.
This study is focused on indigenous S. cerevisiae strain
(i) selection, (ii) identiﬁcation and (iii) technological charac-
terization. Yeasts were isolated from grapes and musts during
the production of wines. We  selected two types of wine vari-
eties – Sauvignon blanc and Pinot noir coming from an organic
and integrated treated vineyard situated in South Moravia,
Czech Republic. Our objective was also focused on the selec-
tion of the identiﬁcation approaches that will be simple and
suitable for rapid and reliable strain identiﬁcation. There-
fore, isolates of S. cerevisiae were identiﬁed and grouped by
several molecular approaches such as ITS-PCR-RFLP, PCR-
ﬁngerprinting, species-speciﬁc primers and interdelta PCR
typing. The combination of these techniques enabled rapid
detection, identiﬁcation and typing of different S. cerevisiae
strains. Finally, the isolated strains were screened for selected
technological properties important in the winemaking pro-
cess and for further application as the starter cultures. To
sum up, this study has demonstrated the importance of
selection of an appropriate and rapid identiﬁcation tech-
nique and also determination of some important oenological
properties. b i o l o g y 4 7 (2 0 1 6) 181–190
Methods
Yeast  species  isolation  and  cultivation
Autochthonous (indigenous) strains belonging to Saccha-
romyces genus were isolated from grape berries and also from
spontaneously fermented musts in different stages of the fer-
mentation process.
Grapes were collected at the Ivanˇ vineyard situated in the
South Moravia region and belong to the Mikulov wine region,
Czech Republic. Red wine Pinot Noir (Pn) and white wine
Sauvignon blanc (Sg) cultivars of Vitis vinifera were chosen.
Both varieties, typical cultivars for white and, respectively, red
Moravian wine production, were cultivated using the organic
(O) and also integrated (I) farming procedure. Grape berries
(healthy and undamaged) were collected before harvest (in
September 2009, 2010, 2011) into sterile glasses. Immediately
after transportation to the laboratory, 15–20 grape berries were
placed into 150 mL  of Malt extract medium MEM (Himedia; 2%
malt extract, 0.1% peptone, 2% dextrose, 2% agar) and culti-
vated for 10 days at laboratory temperature (approx. 23 ◦C).
After that, culture media (300 L) inoculated onto MEM  agar
plates supplemented with 250 mg L−1 streptomycin sulfate
(Himedia, India) were incubated at 26 ◦C for 3–5 days. The
single colonies were obtained by Koch’s dilution method.
The fermentation process was performed in the cellar
in Ivanˇ (during the vintage 2009, 2010, 2011), which was
separated from common fermentations of commercial wine
production. The fermentation process following the standard
procedure was conducted in a 1000 L barrel. The cellar tem-
perature was approx. 10 ◦C and the temperature of the
fermentation was approx. 18 ◦C. The must was spontaneously
fermented and the samples were collected 3 times per week
during the whole fermentation process.
Yeast populations from must were isolated as described
previously10 and cultivated on malt extract medium (MEM)
supplemented with 250 mg  L−1 streptomycin sulfate (Hime-
dia, India). The single colonies (pure culture) were obtained
by Koch’s dilution method.
In total, 120 Saccharomyces sp. strains were isolated and
identiﬁed. Pure cultures were preserved on MEM  agar under
parafﬁn oil. The most promising strains will be deposited in
the yeast culture collection CCY Bratislava (strain S. cerevisiae
1-09 has already been deposited there).
DNA  isolation
Genomic DNA was isolated from single colonies using the
commercial kit UltraCleanTM Microbial DNA Isolation Kit
(MoBio, USA) according to the manufacturer’s protocol.
ITS-PCR-RFLP
To distinguish Saccharomyces sp. from other isolates, ITS-PCR-
RFLP was employed. The internal transcribed spacers (ITS)and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′).11 DNA ampliﬁca-
tion was carried out in the ﬁnal volume of 50 L containing
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.2 mM of dNTP, 0.5 L of each primer 100 pmol L−1,
× PCR reaction buffer and 1 U of Taq DNA polymerase (Kapa
iosystems, USA). PCR conditions were as follows: initial
enaturation cycle at 94 ◦C for 4 min  followed by 25 cycles
f ampliﬁcation, denaturation at 94 ◦C for 1 min, annealing at
8 ◦C for 30 s, and extension at 72 ◦C for 1 min; ﬁnal extension
t 72 ◦C for 10 min.
For RFLP, PCR products were puriﬁed by ethanol pre-
ipitation and digested by restriction endonucleases HaeIII
Fermentas, USA) following the manufacturer’s instructions.
pecies-speciﬁc  primers
or S. cerevisiae species identiﬁcation, a set of pairs of species-
peciﬁc primers ScerF2 (5′-GCGCTTTACATTCAGATCCCGAG-
′) and ScerR2 (5′-TAAGTTGGTTGTCAGCAAGATTG-3′) were
sed.12 DNA ampliﬁcation was carried out in a ﬁnal volume
f 25 L containing 0.2 mM of dNTP (Invitek, Germany), 0.5 L
f each primer 100 pmol L−1 (GeneriBiotech, Czech Republic),
× PCR reaction buffer, 1.5 mM MgCl2 and 1.25 U Taq DNA poly-
erase (BioRad, USA) and 0.5 L of template DNA. PCR cycling
onditions used were: initial denaturation cycle at 94 ◦C for
 min  followed by 30 cycles of ampliﬁcation, denaturation at
4 ◦C for 1 min, annealing at 55 ◦C for 1 min, and extension at
2 ◦C for 1 min; ﬁnal extension at 72 ◦C for 2 min.
CR-ﬁngerprinting  and  interdelta  PCR  typing
n order to distinguish different S. cerevisiae strains, PCR-
ngerprinting by using M13  primer and interdelta primers
ere used. DNA ampliﬁcation was carried out in a ﬁnal
olume of 25 L containing 0.2 mM of dNTP (Invitek, Ger-
any), 0.5 L of each primer 100 pmol L−1 (VBC Biotech,
ermany), 1× PCR reaction buffer and 1 U Taq DNA polymerase
Kapa, USA) and 0.5 L of template DNA.
PCR-assays by using M13  primer (5′-GAGGGTGGCGGTTCT-
′):13 initial denaturation cycle at 95 ◦C for 5 min, followed by
0 cycles of ampliﬁcation followed by denaturation at 93 ◦C for
.75 s, annealing at 50 ◦C for 1 min, and extension at 72 ◦C for
 min; ﬁnal extension at 72 ◦C for 6 min. The second PCR-assay
or M13  primer: initial denaturation cycle at 94 ◦C for 4 min,
ollowed by 35 cycles of ampliﬁcation followed by denaturation
t 94 ◦C for 30 s, annealing at 36 ◦C for 45 s, and extension at
2 ◦C for 45 s; ﬁnal extension at 72 ◦C for 7 min.
The conditions for interdelta PCR typing by 1
5′-CAAAATTCACCTATATTCTCA-3′) and 2 (5′-GTGGATTT-
TATTCCAACA-3′); 2 (5′-GTGGATTTTTATTCCAACA-3′) and
12 (5′-TCAACAATGGAATCCCAAC-3′)14,15 were as follows: ini-
ial denaturation cycle at 94 ◦C for 4 min, followed by 30 cycles
f ampliﬁcation–denaturation at 94 ◦C for 30 s, annealing at
9 ◦C for 1 min  and extension at 72 ◦C for 2 min. The ﬁnal
xtension was at 72 ◦C for 10 min.
etection  of  PCR  products
CR products and restriction fragments were separated
nd detected by electrophoresis on 2% (w/v) agarose gel
n 1× TBE buffer at 5 V cm−1 for 2 h. DNA ampliﬁed by
ingle repetitive primers and by delta primers were sepa-
ated on 1.5% agarose gel for 3–4 h. The gels were stained byo l o g y 4 7 (2 0 1 6) 181–190 183
ethidium bromide (10 mg  L−1), visualized under UV light (Ultra
Lum. Inc., USA) and documented by ScionImage software
(Scion, India). Finally, electrophoreograms were processed
by the BioNumerics 6.5 software employing UPGMA cluster
analysis.
Screening  of  oenological  properties
Flocculation properties of selected strains were tested accord-
ing to Bony et al.16 with slight modiﬁcation. Yeasts were
cultured for 3 days at 26 ◦C in tubes containing 10 mL  of YPD
(2% peptone, 1% yeast extract and 2% glucose) medium under
permanent shaking (150 rpm). Cells were collected by cen-
trifugation and washed with deionized water. After that, cells
were suspended into 10 mL  of 50 mM acetate buffer (pH 4.5)
enriched by 3 mM CaSO4. The tubes of suspended cells were
mixed for 30 s and the turbidity of yeast suspension was eval-
uated by the naked eye. Flocculation degree was determined
using a subjective scale which means that the sedimentation
was observed depending on the time. The following evalua-
tion was used: + the cells ﬂocculate and sediment after 15 min
(partially clear solution); ++ immediate ﬂocculation; w – ﬂoc-
culation after 1 h.
Ethanol tolerance was tested in 5 mL  of YPD medium sup-
plemented by 12, 14, 15, 16 and 17% (v/v) ethanol and the tubes
were inoculated by 100 L of cell suspension (cell concentra-
tion approx. 5 log CFU mL−1). Inoculated tubes were cultivated
at 26 ◦C for 10 days. The culture density was measured daily
by DEN-1B densitometer (Biosan, Latvia). Speciﬁc growth rate
 (h−1) and the length of the lag phase t (h) were estimated.
Osmotolerance of selected strains was tested in 5 mL  of
YPD medium with 40% (w/v) and 50% (w/v) glucose. The cells
density was measured as described above.
H2S production by selected strains was tested on Biggy agar
(Himedia, India) which contains bismuth as an indicator. After
incubation at 26 ◦C for 3–5 days, the zone surrounding the
colony was evaluated as the follows: − no production; + white
colonies; ++ light brown; +++ brown; ++++ dark brown/black.5
Malic and acetic acid utilization by selected strains was
tested on 0.67% yeast nitrogen base (YNB, Himedia) agar
plates containing 0.5% (w/v) malic acid, respectively, 0.25%
(w/v) acetic acid. The growth of colonies was screened. Acetic
acid production was screened on CaCO3 agar plates (Custer’s
chalk medium) containing 0.5% yeast extract, 5% glucose, 0.5%
CaCO3 and 2% agar. The acetic acid production enabled solu-
bility of CaCO3 which resulted as a clear zone surrounding the
colonies.5
The isolated yeasts were also tested for some enzymatic
activities such as -glucosidase and glycosidase activities. The
activities were determined by agar plating. The plates were
incubated at 26 ◦C for 3–5 days.17
-Glucosidase activity was screened onto selective
medium containing 0.67% yeast nitrogen base (YNB, Hime-
dia), 0.5% arbutin and 2% agar. The pH of the medium was
adjusted to 5 before autoclaving. Two milliliters of a ﬁlter
sterilized 1% ferric ammonium citrate solution was added
to 100 mL  media before plates pouring. Colonies showing
activity were identiﬁed by a dark brown halo around the
colonies.17
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Table 1 – Number of Saccharomyces sp. isolates.
Grape variety Vintage Number  of Saccharomyces sp. isolates
Integrated (I) Organic (O)
Grapes (B)/must (M) Grapes (B)/must (M)
Sauvignon blanc (Sg) 2009 1/14 1/11
Pinot noir (Pn) 2010 0/14 0/17
Sauvignon blanc (Sg) 2011 0/20 0/17
Pinot noir (Pn) 2011 1/14 0/10Total 
Total of yeasts isolates 
Glycosidase activity was determined using the plates with
the selective medium containing 0.67% yeast nitrogen base
(YNB, Himedia), 0.2% rutin and 2% agar. The glycosidase activ-
ity was detected as a clear zone around the colonies.5,17
Results  and  discussion
Selection  and  identiﬁcation  of  S.  cerevisiae  strains
In total, we  isolated 120 single colonies of autochthonous
Saccharomyces sp. strains from 524 total yeasts. Yeasts were
isolated from Sauvignon blanc (Sg) and Pinot noir (Pn) coming
from organic (O) and integrated (I) farming. The yeast species
were isolated from grape berries as well as from spontaneously
fermented must during the vintage 2009 (09), 2010 (10) and
2011 (11). The list of the Saccharomyces isolates and the sources
of their isolation are shown in Table 1.
Yeasts of the genus Saccharomyces were distinguished from
the other isolates (from non-Saccharomyces species) by ITS-
PCR-RFLP (the length of PCR amplicon was 880 bp). Further,
for S. cerevisiae species identiﬁcation we  employed species-
speciﬁc primers ScerF2 and ScerR2.12 Species-speciﬁc primers
enable us to identify and distinguish S. cerevisiae species from
other species belonging to the Saccharomyces sensu stricto com-
plex, which includes the species which can also be found in
fermented must (for. ex. Saccharomyces bayanus, Saccharomyces
pastorianus, Saccharomyces kudriavzevii). Based on our results,
all the isolates belonging to the Saccharomyces genus were
identiﬁed by species-speciﬁc primers as S. cerevisiae (the length
of the PCR products was 150 bp) (data not shown).
Further, two different PCR-assays by using M13  primer were
used. These assays differed in annealing temperature (50 ◦C
vs. 36 ◦C). The isolates were divided into three groups by the
ﬁrst assay with annealing temperature 50 ◦C and into four
groups by the second PCR-assay (36 ◦C). Data are presented
as part of the dendrogram (Fig. 1). Two isolates (marked as U,
T) exhibited a different ﬁngerprinting proﬁle than the rest of
the isolates; these isolates may be hybrids of S. cerevisiae and
another species belonging to the Saccharomyces genus. Hence,
PCR-ﬁngerprinting techniques using M13  primer are able to
group the species members of Saccharomyces genus but they
are not suitable for resolving.
In order to distinguish various S. cerevisiae strains, we
employed 1–2 and 12–2 primers amplifying inter-delta
sequences. These delta elements are described as appro-
priate genetic markers for identiﬁcation of polymorphisms
because the number and location have a certain intraspeciﬁc120
524
variability.18 The primer pair 1–2 generated from three to
eight different fragments per strain with one common band
of the size of approximately 1000 bp. On the other hand,
primer pair 12–2  provided signiﬁcantly more  fragments
per sample and some of them were of low intensity. The
low number of fragments per sample is ascribed to the weak
homology exhibited by the primer 1–2 towards the whole
sequence of S. cerevisiae genom.19 However, by combination
of these two sets of delta primers, we identiﬁed 45 different S.
cerevisiae strains. The majority of the isolated and identiﬁed
S. cerevisiae strains came from spontaneous fermented musts
and belonged to group A (strain A). Despite the fact that some
authors20,21 reported that it is almost impossible to isolate
Saccharomyces sp. populations from berries and initial must
by standard direct agar plating procedure due to their low
counts (>10–100 CFU cm−2) we isolated three strains from
grape berries (see Table 1). The electrophoretic patterns and
ﬁnal dendrogram showing the genetics similarity of various
identiﬁed S. cerevisiae strains are shown in Fig. 1.
The novel combination of the modern molecular
approaches used in this study for strain identiﬁcation
and typing seems to be suitable for rapid, reliable, simple and
reproducible identiﬁcation of S. cerevisiae strains. Schuller
et al.,22 Maqueda et al.23 or Ortiz et al.24 reported application
of mitochondrial DNA restriction analysis or karyotyping in
order to distinguish various strains of S. cerevisiae. However,
these methods are labor intensive and the results are inﬂu-
enced by complexity of data interpretation due to the high
number of generated fragments after mtDNA  RFLP. On  the
contrary, we employed different approaches to the group and
distinguish Saccharomyces at strain level based on consequent
employment of PCR-ﬁngerprinting. For instance Schuller
et al.22 reported that interdelta PCR typing had very similar
resolving power at strain level as mtDNA and karyotyping,
therefore, the unique combination of the methods utilized in
this work can be considered as a simple and rapid alternative
to mtDNA or karyotyping.
Screening  of  selected  oenological  properties  of  various  S.
cerevisiae  strains
Because not all yeast strains are relevant for the speciﬁc con-
ditions and characteristics of wine, a number of criteria have
been proposed for the selection of new yeast strains for use
in the winemaking process. One of the most important cri-
terions for high-quality wine production is use of S. cerevisiae
strain with suitable technological properties. Thus, in order
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U
Fig. 1 – Dendrogram based on the similarity of PCR-ﬁngerprinting patterns of S. cerevisiae isolates. S. cerevisiae BS6 – control
strain. The description on the right side of the dendrogram is the label of the isolated S. cerevisiae strains.
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Table 2 – Oenological properties of different indigenous Saccharomyces cerevisiae strains and one commercial S. cerevisiae strain BS6 as a control. Pn – Pinot Noir; O, I –
organic, integrated; M,  B – must, grape berries; 09–11 – mean year of isolation (2009–2011). The gray labelled ﬁelds – the strains which physiological properties were
better than control strain BS6.
Isolated
strain
Source of
isolation
Desirable  technological properties
Ethanol resistance (%) Osmotolerance
12% ethanol 14% ethanol Ethanol (%) 40% glucose 50% glucose
 (h−1)b lag phase t
(h)
 (h−1)b lag phase t
(h)
15 16 17  (h−1)b lag phase t
(h)
 (h−1)b lag phase t
(h)
A PnIB-11 0.061 22 0.019 58 + − − 0.037 19 0.029 24
A1 SgOM-11 0.054 22 − − − − − 0.044 19 0.029 24
A2 PnOM-11 0.058 24 0.025 59 + − − 0.049 19 0.021 24
A3 PnIM-11 0.055 24 − − − − − 0.037 28 0.013 24
A4 SgIM-11 0.092 24 0.017 39 − − − 0.052 19 0.022 24
B PnOM-10 0.060 24 0.028 85 − − − 0.055 19 0.023 30
C SgOM-09 0.060 24 0.033 58 − − − 0.057 19 0.020 24
D PnOM-10 0.075 24 0.018 42 − − − 0.054 19 0.014 24
E PnIM-10 0.080 22 0.013 42 − − − 0.051 19 0.020 43
E1 SgOM-11 0.057 24 0.033 80 − − − 0.051 19 0.020 24
F SgOM-09 0.097 24 0.019 42 − − − 0.059 19 0.021 35
F1 SgIM-11 0.073 16 0.017 43 − − − 0.051 19 0.020 24
G PnOM-10 0.058 24 0.018 45 − − − 0.065 19 0.021 28
H SgIM-09 0.056 22 0.014 42 + − − 0.064 19 0.025 67
I SgOM-09 0.090 22 0.063 24 − − − 0.052 19 0.019 51
J PnOM-10 0.055 24 0.046 24 − − − 0.058 19 0.024 52
K PnIM-10 0.061 14 0.034 68 − − − 0.060 19 0.016 43
K1 PnIM-11 0.065 24 0.032 68 − − − 0.060 24 0.022 45
L SgIB-09 0.071 22 0.018 40 − − − 0.071 19 0.019 43
M PnOM-10 0.061 14 0.017 40 + w − 0.051 19 0.023 51
N PnIM-10 0.068 20 0.023 58 − − − 0.055 19 0.022 45
O PnIM-10 0.055 20 0.005 150 − − − 0.061 19 0.028 67
P PnOM-10 0.080 24 0.028 50 − − − 0.068 24 0.020 51
Q SgOM-09 0.078 24 0.014 42 − − − 0.061 19 0.012 43
R SgIM-09 0.060 24 0.013 24 − − − 0.062 19 0.018 43
S SgIM-09 0.063 24 0.011 25 + − − 0.064 19 0.017 43
T SgIM-09 0.070 24 0.010 24 + w − 0.065 19 0.017 43
U SgIM-09 0.062 22 0.013 42 − − − 0.057 24 0.020 35
V SgOM-11 0.049 4 0.010 38 − − − 0.064 19 0.022 51
W SgIM-11 0.060 20 0.013 24 + + − 0.062 19 0.020 43
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Table 2 – (Continued)
Isolated
strain
Source of
isolation
Desirable  technological properties
Ethanol resistance (%) Osmotolerance
12% ethanol 14% ethanol Ethanol (%) 40% glucose 50% glucose
 (h−1)b lag phase t
(h)
 (h−1)b lag phase t
(h)
15 16 17  (h−1)b lag phase t
(h)
 (h−1)b lag phase t
(h)
W1 PnIM-11 0.076 14 0.016 38 − − − 0.077 19 0.020 43
X SgIM-11 0.064 24 0.018 42 − − − 0.072 19 0.022 43
X1 PnOM-11 0.075 25 0.016 25 + + − 0.064 19 0.018 51
Y SgOM-11 0.073 22 0.006 24 − − − 0.065 19 0.022 67
Z PnOM-11 0.064 16 0.007 24 − − − 0.058 19 0.018 43
1-09 SgOB-09 0.067 22 0.009 24 + + − 0.071 19 0.021 52
2-09 SgIM-09 0.058 24 0.011 40 + + − 0.064 19 0.016 55
5-09 SgIM-09 0.062 22 0.010 42 − − − 0.065 19 0.024 46
13-09 SgOM-09 0.058 16 0.008 24 − − − 0.063 19 0.021 51
15-09 SgOM-09 0.067 22 0.013 24 − − − 0.069 24 0.020 46
20-09 SgOM-09 0.059 22 0.006 26 + w − 0.062 19 0.019 46
13-10 PnOM-10 0.062 20 0.009 40 − − − 0.060 19 0.020 60
27-10 PnIM-10 0.065 24 0.003 80 − − − 0.065 19 0.021 44
25-10 PnIM-10 0.063 20 0.014 42 − − − 0.060 19 0.020 26
BS6 Control 0.064 20 0.012 24 − − − 0.070 24 0.018 26
Positive (%) 100 − 96 − 24 9 − − − 100 −
Weak (%) − − 4 − − 7 − − − − −
Negative (%) −  − − − 76 84 100 − − − −
Isolated
strain
Source of
isolation
Desirable technological properties Undesirable  properties
Osmotolerance H2S
production
SO2 tolerance MA utilization AA utilization AA production Glycosidase activity Flocculation
0.5% 0.25%
A PnIB-11 + + + w − + ++
A1 SgOM-11 + + + w − + ++
A2 PnOM-11 + + + + − + +++
A3 PnIM-11 + + + + − + ++
A4 SgIM-11 + + + + − + ++
B PnOM-10 + w w w − ++++ −
C SgOM-09 + w + + − + +++
D PnOM-10 + + + w − + +++
E PnIM-10 + + + w − + ++++
E1 SgOM-11 + + + + − + ++++
F SgOM-09 + + + + − + +
F1 SgIM-11 + + + w − + ++
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Table 2 – (Continued)
Isolated
strain
Source of
isolation
Desirable technological properties Undesirable properties
Osmotolerance H2S
production
SO2 tolerance MA utilization AA utilization AA production Glycosidase activity Flocculation
0.5% 0.25%
G PnOM-10 + + + w − + ++++
H SgIM-09 + + + + − w ++++
I SgOM-09 + + + ++ − + ++
J PnOM-10 + + + ++ − + ++
K PnIM-10 + w + ++ − + ++
K1 PnIM-11 + w + w − + ++
L SgIB-09 + + + w − + ++
M PnOM-10 + + + ++ − + +
N PnIM-10 + + + w − + ++++
O PnIM-10 + + + w − + ++++
P PnOM-10 + + + w − + +
Q SgOM-09 + + + − − + +
R SgIM-09 + + + w − + +
S SgIM-09 + + + + − + +
T SgIM-09 + + + − − + ++
U SgIM-09 + + + − − + ++
V SgOM-11 + + + − − + ++
W SgIM-11 + + + − − + +
W1 PnIM-11 + + + − − + ++++
X SgIM-11 + + + − − + +
X1 PnOM-11 + + + w − + +
Y SgOM-11 + + + w − + +
Z PnOM-11 + + + + − + +
1-09 SgOB-09 + + + w − + +
2-09 SgIM-09 + + + w − + +
5-09 SgIM-09 + + + − − + ++++
13-09 SgOM-09 + + + − − w ++
15-09 SgOM-09 + + + − − + ++++
20-09 SgOM-09 + + + − − + +
13-10 PnOM-10 + + + − − w +++
27-10 PnIM-10 + + + − − + ++
25-10 PnIM-10 + + + − − + ++
BS6 Control + + + − − + ++
Positive (%) 100 91 98 29 − 91/2 9a/20
Weak (%) − 9 2 38 − 7 31/38
Negative (%) − − 0 33 100 − 2
Note:  no glucosidase and glycosidase activities for all tested indigenous strains and also for commercial BS6 strain.
a Strong positive; for H2S production: positive (+++ and ++++), weak (+ and ++).
b Speciﬁc growth rate; the standard deviations were not higher than 20%.
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o investigate phenotypic differences among 45 indigenous S.
erevisiae strains, which were identiﬁed by molecular method
s different strains (see above), we screened them for the
elected technological properties. The strain S. cerevisiae BS6,
hich is commercially available, was used as a control
train. The complete list of results, summarizing oenologi-
al properties that are important for strain selection and their
pplication in the winemaking process, is provided in Table 2.
he use of local, autochthonous, selected strains of S. cere-
isiae as starters is rather preferable, since these yeasts are
etter acclimated to particular conditions characteristics for
he speciﬁc region/area of wine production8 and, moreover,
tilization of the local isolate of S. cerevisiae is likely to raise
he regional character of the wine.
Barrajón et al.25 reported that high fermentation power is
bviously related to the capacity of the strain to overcome the
tress associated with wine fermentation. For this purpose, we
ested osmotic and ethanol stress tolerance.
The major target of ethanol is the membrane, altering the
embrane organization and permeability and consequently
nhibiting glucose transport and fermentation rate under
nological conditions.26 As expected, the physiological differ-
nces among the stress tolerant species S. cerevisiae depended
n the strain. The growth parameters of all the tested strains
ncluding speciﬁc growth rate and length of the lag phase
re listed in Table 2. Eighteen isolated strains revealed better
rowth characteristics than control strain BS6 in the pres-
nce of 12% ethanol and 29 showed higher growth rate when
xposed to 14% ethanol. Further, four isolated strains (W, X1,
-09, 1-09) were able to grow in 16% ethanol but none of the
ested strains was able to grow in the presence of 17% ethanol.
Higher sugar content of the grape must can result in inhi-
ition of the yeast metabolism and, therefore, in sluggish
ermentation.24 Therefore, tolerance towards osmotic pres-
ure is a desirable property of the yeast starter culture. All the
solated strains were capable of growing in the presence of 40%
nd 50% glucose. Four strains (W1, X, L and 1-09) exhibited
igher growth rate than the control strain BS6 in the pres-
nce of 40% glucose. Interestingly, despite the fact that Tofalo
t al.26 did not notice any growth of S. cerevisiae strains in the
resence of 50% glucose, most of our isolates were capable of
rowing when cultivated in the presence of 50% glucose. More-
ver, the majority of the screened strains revealed a higher
rowth rate on 50% glucose than the control strain.
Results of ﬂocculation tests showed that, as also reported
n other studies,24,27 most of the strains (91%) remained in
uspension after 10 min  at rest. This is an important feature
hen selecting active dried yeasts for viniﬁcation, where yeast
hould ideally remain in suspension during fermentation.24
Enzymes play a deﬁnitive role in the production of wine.
he enzymatic activities do not only originate from the grapes
tself, but also from yeasts and other microorganisms.17 Based
n our results, tested strains lacked -glucosidase activity.
nlike the other authors,5,28 we  did not detect any glycosidase
roduction by S. cerevisiae strains tested.
To produce a high-quality wine, it is important to obtain a
ne balance between the various chemical constituents, espe-
ially between the sugar and acid content.29 As reported by
uárez-Lepe and Morata,7 yeasts might be selected for their
bility to produce and degrade acetic and malic acid. Ouro l o g y 4 7 (2 0 1 6) 181–190 189
results showed that 91% (98%) of our isolates were able to grow
on the agar medium containing malic or acetic acid as sole car-
bon sources. The capability of degradation of malic as well as
acetic acid may be considered as a desirable property of yeast
strains because it leads to the deacidiﬁcation of wine.30 On
the contrary, acetic acid production was observed for 29% of
tested strains. Several studies have linked the production of
acetic acid to increased glycerol production which gives the
wine a desirable property.31,32
Hydrogen sulﬁte has negative organoleptic impact on wine
due to formation of off-ﬂavors.7 Fifteen isolates (29%) syn-
thesized H2S and remaining strains exhibited only low H2S
production. Only one strain (B) did not produce H2S, however,
this strain is not suitable for application as a starter culture
due to strong ﬂocculation properties.
Yeast selection offers the best way to obtain strains
of S. cerevisiae or other oenological species with proper-
ties that might improve the sensorial proﬁle, technolog-
ical properties or regional character of the wine.7 The
assays to determine yeast properties that could inﬂu-
ence fermentative capacity and the ability to adapt to
stressful conditions related to the wine-production pro-
cess revealed differences for some strains. Some indigenous
strains exhibited better adaption to stressful conditions
than the control strain. On the contrary, some of them
produced a high amount of hydrogen sulﬁte, causing
off-ﬂavor.
Thus, if we compare all the tested strains, only 15 (A, A4,
F, F1, I, J, L, M, R, S, X1, Z, 1-09, 2-09, 27-10) of them are
suitable for further testing as starter cultures. Based on our
results, these strains showed proper technological properties
that are very similar to the control commercial S. cerevisiae
BS6 strain. These strains can be chosen for future large-scale
fermentation processes instead of commercially available
strains.
Conclusions
The present study demonstrated application of appropri-
ate modern molecular techniques that are suitable for rapid
S. cerevisiae strain identiﬁcation and further testing of various
strains for their technological potential. The combination of
used modern molecular techniques including species-speciﬁc
primers, and interdelta PCR typing enabled us to identify
S. cerevisiae at strain level. Also important physiological char-
acteristics of the yeasts used in this study are suitable for
rapid selection of the different S. cerevisiae strains that can be
applied in the winemaking process. Application of the selected
strains with suitable technological properties in the wine fer-
mentation process should increase the quality of the wine
and enhance the regional character of traditional Moravian
wines. Hence, some isolated indigenous strains will be tested
in a large-scale fermentation process by a small Moravian
winery.Conﬂicts  of  interest
The authors declare no conﬂicts of interest.
 i c r o
r190  b r a z i l i a n j o u r n a l o f m
Acknowledgments
This work was supported by a project of MSˇMT CˇR (Grant
No. MSM  0021630501) and by a Standard project of speciﬁc
research No. FCH-S-13-1912.
 e  f  e  r  e  n  c  e  s
1. Le Jeune C, Erny C, Demuyter C, Lollier M. Evolution of the
population of Saccharomyces cerevisiae from grape to wine in a
spontaneous fermentation. Food Microbiol. 2006;23:709–716.
2. Ciani M, Comitini F. Non-Saccharomyces wine yeasts have a
promising role in biotechnological approaches to
winemaking. Ann Microbiol. 2011;61:25–32.
3. Ranieri S, Pretorius IS. Selection and improvement of wine
yeasts. Ann Microbiol. 2000;50:15–31.
4. Fleet GH. Wine yeasts for the future. FEMS Yeast Res.
2008;8:979–995.
5. Comitini F, Gobbi M, Domizio P, et al. Selected
non-Saccharomyces wine yeasts in controlled multistarter
fermentations with Saccharomyces cerevisiae. Food Microbiol.
2011;28:873–882.
6. Pretorius IS. Tailoring wine yeast for the new millennium:
novel approaches to the ancient art of winemaking. Yeast.
2000;16:675–729.
7. Suárez-Lepe JA, Morara A. New trends in yeast selection for
winemaking. Trends Food Sci Technol.  2012;23:39–50.
8. Nikolaou E, Souﬂeros EH, Bouloumpasi E, Tzanetakis N.
Selection of indigenous Saccharomyces cerevisiae strains
according to their oenological characteristics and
viniﬁcation results. Food Microbiol. 2006;23:205–211.
9. Mercado L, Jubany S, Gaggero C, Masuelli RW, Combina M.
Molecular relationships between Saccharomyces cerevisiae
strains involved in winemaking from Mendoza, Argentina.
Curr Microbiol. 2010;61:506–514.
10. Sˇuranská H, Vránová D, Omelková J, Vadkertiová R.
Monitoring of yeast population isolated during spontaneous
fermentation of Moravian wine. Chem Pap. 2012;66:861–868.
11. White TJ, Bruns T, Lee S, Taylor J. Ampliﬁcation and direct
sequencing of fungal ribosomal RNA genes for
phylogenetics. In: Innis N, Gelfand D, Sninsky J, White T, eds.
PCR Protocols: A Guide to Methods and Applications. London:
Academic Press; 1990:315–322.
12. Muir A, Harrison E, Wheals A. A multiplex set of
species-speciﬁc primers for rapid identiﬁcation of members
of  the genus Saccharomyces. FEMS Yeast Res. 2011;11:
552–563.
13. da Silva-Filho EA, Brito dos Santos SK, Resende Ado M, de
Morais JO, de Morais MA Jr, Ardaillon Simões D. Yeast
population dynamics of industrial fuel-ethanol fermentation
process assessed by PCR-ﬁngerprinting. Antonie Van
Leeuwenhoek.  2005;88:13–23.
14. Ness F, Lavalle F, Dubourdieu D, Aigle M, Dulau L.
Identiﬁcation of yeast strains using the polymerase chain
reaction. J Sci Food Agric. 1993;62:89–94.
15. Legras JL, Karst F. Optimisation of interdelta analysis for
Saccharomyces cerevisiae strain characterisation. FEMS
Microbiol Lett. 2003;221:249–255.
16. Bony M, Thines-Sempoux D, Barre P, Blondin B. Localization
and cell surface anchoring of the Saccharomyces cerevisiae
ﬂocculation protein Flo1p. J Bacteriol. 1997;179:4929–4936. b i o l o g y 4 7 (2 0 1 6) 181–190
17. Strauss MLA, Jolly NP, Lambrechts MG, van Rensburg P.
Screening for the production of extracellular hydrolytic
enzymes by non-Saccharomyces wine yeasts. J Appl Microbiol.
2001;91:182–190.
18. Franco-Duarte R, Mendes I, Gomes AC, Santos MAS, de Sousa
B,  Schuller D. Genotyping of Saccharomyces cerevisiae strains
by interdelta sequence typing using automated
microﬂuidics. Electrophoresis. 2011;32:1447–1455.
19. Xufre A, Albergaria H, Gírio F, Spencer-Martins I. Use of
interdelta polymorphisms of Saccharomyces cerevisiae strains
to  monitor population evolution during wine fermentation. J
Ind  Microbiol Biotechnol. 2011;38:127–132.
20. Fleet GH, Prakitchaiwattana C, Beh AL, Heard GM. The yeast
ecology of wine grapes. In: Ciani M,  ed. Biodiversity and
Biotechnology of Wine Yeasts. Kerala, India: Research Singpost;
2002:1–17.
21. Raspor P, Milek DM, Polanc J, Mozina SS, Cadez N. Yeasts
isolated from three varieties of grapes cultivated in different
locations of the Dolenjska vine-growing region, Slovenia. Int
J  Food Microbiol. 2006;109:97–102.
22. Schuller D, Valero E, Dequin S, Casal M. Survey of molecular
methods for the typing of wine yeast strains. FEMS Microbiol
Lett.  2004;231:19–26.
23. Maqueda M, Zamora E, Rodríguez-Cousin˜o N, Ramírez M.
Wine  yeast molecular typing using a simpliﬁed method for
simultaneously extracting mtDNA, nuclear DNA and virus
dsRNA. Food Microbiol. 2010;27:205–209.
24. Ortiz MJ, Barrajón N, Bafﬁ MA, Arévalo-Villena M, Briones A.
Spontaneous must fermentation: identiﬁcation and
biotechnological properties of wine yeasts. LWT – Food Sci
Technol (Campinas). 2013;50:371–377.
25. Barrajón N, Arévalo-Villena M, Úbeda J, Briones A. Enological
properties in wild and commercial Saccharomyces cerevisiae
yeasts: relationship with competition during alcoholic
fermentation. World J Microbiol Biotechnol. 2011;27:2703–2710.
26. Tofalo R, Chaves-López C, Di Fabio F, et al. Molecular
identiﬁcation and osmotolerant proﬁle of wine yeasts that
ferment a high sugar grape must. Int J Food Microbiol.
2009;130:179–187.
27. Úbeda JF, Briones AI, Izquierdo PM. Study of oenological
characteristics and enzymatic activities of wine yeasts. Food
Microbiol.  1998;15:399–406.
28. Delcroix A, Gunata Z, Sapis J, Salmon J, Bayonove C.
Glycosidase activities of three enological yeast strains during
winemaking: effect on the terpenol content of Muscat wine.
Am J Enol Vitic. 1994;45:291–296.
29. Redzepovic S, Orlic S, Majdak A, Kozina B, Volschenk H,
Viljoen-Bloom M. Differential malic acid degradation by
selected strains of Saccharomyces during alcoholic
fermentation. Int J Food Microbiol. 2003;83:49–61.
30. Saayman M, Viljoen-Bloom M. The biochemistry of malic
acid metabolism by wine yeasts – a review. S Afr J Enol Vitic.
2006;27:113–122.
31. Eglinton JM, Heinrich AJ, Pollnitz AP, Langridge P, Henschke
PA, de Barros Lopes M. Decreasing acetic acid accumulation
by a glycerol overproducing strain of Saccharomyces cerevisiae
by deleting the ALD6 aldehyde dehydrogenase gene. Yeast.
2002;19:295–301.
32. Remize F, Roustan JL, Sablayrolles JM, Barre P, Dequin S.
Glycerol overproduction by engineered Saccharomyces
cerevisiae wine yeast strains leads to substantial changes in
by-product formation and to a stimulation of fermentation
rate in stationary phase. Appl Environ Microbiol.
1999;65:143–149.
